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I.

INTRODUCTION, SUMMARY, AND RECOMMENDATION

A. Introduction

This report presents a proposal by the staff of the Air Resources Board (“ARB” or
“Board”) to delay a reduction of the limit on the propene content of liquefied petroleum
gas (LPG) that is sold for motor vehicles.  Currently, the propene limit is ten percent by
volume, maximum.  It is scheduled to decrease to five percent on January 1, 1997.  

The report is the Initial Statement of Reasons for an amendment to section 2292.6,
Title 13, California Code of Regulations.  That section limits several properties of LPG,
including the propene content.  Section 2291 of the same code prohibits the sale or
supply of LPG that is intended for use in motor vehicles in California if the LPG does
not comply with the limits in section 2292.6.  Both sections are in Appendix 1 of this
report.

The staff is proposing to delay reducing the propene limit until January 1, 1999. 
Our proposal is in response to a petition on September 20, 1996, from the Western
Propane Gas Association (WPGA, an association of LPG marketers).  In the petition,
WPGA contends that if the limit on the propene content declines to five percent on
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January 1, 1997, there will be insufficient complying (motor-vehicle-grade) LPG for
WPGA members  to maintain an adequate supply to the vehicles that now use LPG.  
The petition is in Appendix 2.  

Regulatory Background    In March 1992, the Board adopted specifications for
LPG.  These included specifications for certification fuel for certifying new LPG
vehicles and specifications for commercial (in-use) LPG for vehicles.  The commercial
specifications (which are the sole subject of the current proposal) define the fuel that is
to be used by motor vehicles in California.  They assure the vehicle and engine
manufacturers about the properties of the in-use LPG that their vehicles will receive. 

The Board included a maximum limit on the propene content because, as an olefin,
propene is more reactive in the atmosphere than is propane, the main component of LPG. 
 The initial propene limit was ten percent, and the limit was to have declined to five
percent on January 1, 1995.   However, in 1994, the Board amended the regulation to
postpone until January 1, 1997, the effective date of the five-percent limit for in-use
LPG.  That action was taken after the WPGA raised issues similar to the issues raised in
the current petition.  There was no significant opposition in 1994 to the delay.  There was
no change to the specifications for the certification fuel used to test new LPG vehicles
and engines to determine their compliance with their emission standards.

In 1994, the staff expected that during the delay of the five-percent propene limit,
information would be developed on the emission and performance consequences of a
higher limit.  Also, it was thought in 1994 that changes in the operation of refineries, in
response to the cleaner-burning gasoline regulations, could increase the amount of LPG
that complies with the five-percent limit. 

The LPG specifications are not part of the State Implementation Plan (SIP); no
emission reductions are claimed in the SIP for the specifications.  Thus, the delay in the
more stringent propene limit from 1995 until 1997 had no effect on the SIP. 

Interactions with the Public and Affected Parties    In response to the petition from
the WPGA, the staff held a public workshop, on December 3, 1996, to discuss issues
concerning the propene limit and its possible delay.  Also, we have surveyed the LPG
production and marketing industries to evaluate the availability of complying LPG.  The
current proposal reflects the results of the staff’s analysis of the information from those
sources.

B. Summary

The information available to the staff indicates that if the propene limit for
vehicular LPG declines to five percent in January 1997, a supply problem is likely in
northern California.  One of the producers of LPG known to the staff in northern
California does not meet the five-percent limit and will not change its operations to do



3

so.  As a result, the documented production of vehicle-grade LPG in northern California
will decline by 56 percent if the propene limit becomes five percent.

If the supply of LPG with under five percent propene could be directed only to
vehicular use, the supply should be adequate.  However, only a few LPG marketers are
able to handle vehicular-grade LPG as a product separate from commercial-grade LPG. 
This is because the vehicular demand for LPG constitutes only about 20 percent of the
total LPG demand on marketers and does not justify the expenditure to install separate
storage and delivery systems for a vehicle-only fuel.  Therefore, if the reduced supply of
vehicular-grade LPG is not enough to meet the total LPG demand, many marketers will
carry only the commercial grade and will not sell fuel for vehicular use.

In the event of a supply problem, existing engines that have been converted to LPG
might be re-converted to gasoline or diesel, at the cost of the emission reductions
resulting from their initial conversions to LPG.  Also, the lack of a reliable supply of
vehicular-grade LPG could dissuade vehicle and engine manufacturers from developing
LPG-fueled low-emission vehicles.  This could forestall LPG as a practical alternative
fuel, despite its attractive economics and emission properties.

The limited data on emissions indicate that LPG vehicles have greater emissions of
ozone precursors and CO when using LPG with the propene content at ten percent than
when using LPG with propene at five percent.  The estimated differences are seven
percent for hydrocarbons, one percent for NOx , and 34 percent for CO.  However, the
emissions remain lower than emissions from the same vehicles using gasoline.  Because
the population of such vehicles is small (at most 45,000 in the state), the effects of
delaying the five-percent propene limit for commercial LPG are also small--estimated to
be at most 0.07 ton of hydrocarbons per day, 0.03 tons of NOx per day, and 5 tons of CO
per day, in the state.  These delayed reductions are very small compared to the overall
vehicular emission inventory. 

Engine and vehicle manufacturers have concerns that commercial fuel with propene
contents above five percent could harm performance or damage future low-emission
engines.  Technical work to elucidate the issues of emissions and performance may be
forthcoming in the next two years.  Organizations consulted by the staff appear interested
in pursuing such work. 

C.  Recommendation

The staff recommends that the Board:

1. Postpone the five-percent propene limit for LPG intended for use in motor vehicles  
        until January 1, 1999, by adopting the amendment in Appendix 3.

2. Instruct the staff to work with the engine and vehicle manufacturers, oil refiners,
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and the Western Propane Gas Association to establish a consensus standard for
LPG for motor vehicles, taking into account emissions, engine performance, fuel
production issues, and fuel distribution issues.  

3. Instruct the staff to work with the air pollution control districts to explore the
        potential to reduce emissions from the non-vehicular use of LPG.
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II.

LPG AS A MOTOR VEHICE FUEL

A.  About This Chapter

This chapter describes LPG and how LPG is produced, marketed, and used in
California.  It shows the available information about emissions from LPG motor vehicles
versus the propene content of the LPG.   It also discusses other factors related to the
propene content.

B.   Description and Uses of LPG

Description    “LPG” (liquefied petroleum gas) refers to a mixture of light
hydrocarbons, predominantly propane, that is pressurized into a liquid for use as a fuel. 
LPG has uses similar to those of natural gas.  To the ordinary consumer, LPG is usually
known as “propane”.  Propane sold at retail usually meets the industrial specifications for
either “commercial propane” or “propane HD-5".*  Table 1 shows the compositional
elements of those specifications.  Commercial propane is used in space heating (e.g., in
rural buildings and recreational vehicles) and portable appliances (e.g., barbeques).  HD-
5 is intended for motor vehicles and other internal-combustion engines.  Fuel meeting
HD-5 is purer in propane than is commercial-grade propane.

                                  

* Another grade of  LPG, “Commercial B-P Mixture”,  is less common.
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In California, fuel used in both on-road and off-road motor vehicles must meet the
ARB specifications.*  Table 1 also shows the ARB specifications in their current (1996)
and scheduled future (1997) versions.  The 1997 version is patterned after HD-5.

Table 1.   Specifications for LPGs

 --------------------------- Grades -----------------------------
Constituent Commercial Propane ARB

Propane  HD-5     1996         1997+

Propane “predominantly >90% >80% >85% 
propane”

C + (butane & heavier) <2.5% <2.5% <2.5% <2.5% 4

Olefins (e.g., propene) (no limit) <5.0% <10% <5.0%

The Division of Measurement Standards (DMS) in the Department of Food and
Agriculture has a role in setting specifications for vehicular LPG.  DMS adopts standards
for motor vehicle fuels to ensure that they are adequate for the uses for which they are
sold.  DMS is required by state law to adopt standards set by a consensus organization,
such as the American Society for Testing and Materials (ASTM) or the Society of
Automotive Engineers, unless such standards are less stringent than the ARB's or other
agency's standards.  

To date, DMS has not adopted any standards for vehicular LPG.  However, DMS
has stated its tentative intent to adopt specifications set by the ASTM for a class of LPG
called “Special-Duty Propane”.  The specifications for Special-Duty Propane are
identical to HD-5.  Special Duty Propane is regarded by the ASTM as a fuel appropriate
for engines in severe service, which include some LPG motor vehicles.

 

                        

* Title 13, CCR, section 2291 prohibits the sale or supply of LPG intended for use in  motor
   vehicles if the LPG does not meet the specifications in section 2292.6.  LPG is deemed to be
   intended for motor vehicles if  (1) it is stored at a facility used to dispense LPG to motor 
   vehicles,  (2) it is delivered or intended for delivery to such a facility, or (3) it is sold or
   supplied to a person engaged in distributing motor vehicle fuels to motor vehicle-fueling
   facilities, unless reasonable precautions have been taken to ensure that the LPG will not be 
   used as a motor vehicle fuel.

Consumption    Table 2 summarizes the available data on recent non-industrial
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consumption* of LPG in California.  Data for several years are in Appendix 4.  About 
330 million gallons of LPG are used annually, of which about 28 million gallons are
used in on-road vehicles.  The on-road LPG is required to meet the ARB specifications.
In addition, LPG used in farm vehicles and in other off-road motor vehicles must also
meet the ARB specifications.  Those uses fall under the categories “Farm (mobile and
stationary)” and “other” in “Internal combustion, non-farm” in Table 2.  However, the
amounts used in vehicles cannot be disaggregated and quantified.  

Table 2.   Typical Use Rates for LPG in California

Million Gallons/Year

Internal combustion, non-farm 

     on-road vehicles*     28  

     other**                       32  

      sub-total 60  

Farm (mobile & stationary)**  25   

Residential/commercial,  245     
    non-farm  ____      

Total (rounded)  330     

            
                             * All required to meet ARB specifications

                **  An unknown part is required to meet the ARB specifications.

                              Sources:  See Appendix 4. 

The vehicular use in the “Farm” category is probably very small because there are
very few heavy-duty LPG engines (e.g., tractors).  However, it is not known what portion
of the 32 million gallons in “other” is used for off-road vehicles that are LPG-capable,
such as fork-lifts and other service vehicles.  Therefore, the amount of LPG that must
meet the ARB specifications is between 28 and 60 million gallons per year, or between
about 10 and percent 20 percent of the LPG that is sold at the consumer level.

                            

 * There is also industrial consumption of LPG as refinery fuel and as feed to chemical reactors, not
    shown in Table 2.
C.  How LPG is Produced and Marketed
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Production LPG is produced by oil refineries and by gas plants in oil and gas
fields.  In refineries, it is a by-product of processes that produce gasoline.  At gas plants,
LPG is separated from crude oil and from natural gas (methane and ethane).

Some refineries have substantial amounts of propene in their LPG.  The propene
content depends on whether or not the refinery has a fluidized catalytic cracker (FCC),
which creates olefins (such as propene) in its by-product gas, and whether or not the
refinery separates those olefins to feed to processes that make high-octane gasoline
blending materials.  Without such a process, a refiner has no in-house use for propene. 
Unless the price and demand for low-propene LPG become high enough, the refiner will
probably blend the propene-rich FCC gas into its LPG.

LPG from gas plants has almost no propene if the LPG comes only from
production fields.  However, some gas plants receive gas by-products from refineries. 
LPG from such gas plants can contain substantial propene.
 

Table 3 shows, by propene content, the available data on the amounts of LPG 
produced in 1995/1996.  The data were received in response to a recent survey by the
staff of refiners and gas plants.  The total LPG volume in the responses somewhat
exceeds the estimated total LPG use in California, shown in Table 2.  More data from the
survey are in Appendix 5.  

Table 3.   Results of Survey of Producers, by Producer Type 

Refiners Gas Plant Total
Operators

Number surveyed 13 7 20

Number of responses 13 5 18

Annual production, 
million gallons * 

 <5% propene**               150 20 170 

     5% to 10% propene**   50 25 75

     other (>10% propene) 145 0 145
-------- --------- ---------

     Total (rounded) 345 45 390

  *  Volumes shown are commercial propane or HD-5.  In addition, one respondent 
                 produces B-P mixture (not a propane product).

**  currently legal for vehicles
Although the amount produced of LPG with less than five percent propene is more

than adequate to satisfy the vehicular demand, the practicalities of marketing (discussed
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later) preclude segregating that LPG just for use in vehicles.

Table 4 shows by production region the production survey results for the LPG with
propene less than five percent and LPG between five and ten percent propene.  In
southern Califonia, all the documented production typically meets that limit, so the staff's
proposal would have no effect there.  (However, as discussed later, most producers will
not guarantee that their LPG will meet the five-percent limit.)   There is more analysis of
LPG supply in Chapter III.

Table 4.   Results of Producers' Survey, by Region of Production

Production Region: Northern Southern San Joaquin State
Calif. Calif. Valley *

Number surveyed 5 10 9 20

Number of responses 5 9 8 18

Number of Producers
    <5% propene  1 6 2 6

    5% to 10% propene  1 0 1 2

    >10% propene, B-P 3 2 5 9
     mix,  or no LPG

Annual Production,
million gallons ** 
    <5% propene 40 115 15 170

    5% to 10% propene  50 0 25 75

          * Less than sum over regions because some companies produce in more than one region.

       **  3rd quarter, 1995 to 2nd quarter, 1996

Marketing    Most LPG that is sold at retail is handled in one of three ways:

o   A marketer picks up the fuel by tank truck from a supplier's loading rack and
          delivers it in bulk to the customer's storage tank.

o   A marketer picks up the fuel and transfers it into his own storage tank, to which
    the customer brings his LPG vessel or vehicle for filling.

o   A marketer picks up the fuel and stores it in his own tank, from which he later    
             fills a tank truck that is dispatched to various customers' sites. 
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Most LPG is delivered from the marketers' own storage tanks.  At most storage
sites, a marketer has only one tank/dispensing system for LPG.  More information on
marketing is in Chapter III.

D. Effects of the Propene Content on Emissions

Recent data on emissions from LPG vehicles versus the propene content of the
LPG are available from only one published study, summarized below, which was
sponsored by the WPGA in support of its petition.  Appendix 6 describes the study and
its results in more detail.  

Three 1995 vehicles were converted to dual-fuel (LPG and gasoline) operation and
then tested on Indolene (federal certification gasoline) and on three LPGs that resembled
vehicular LPG.  The propene contents of the test LPGs were five, ten, and twenty
percent.  The organic gas emissions were speciated for determining the reactivities of
emissions.

Figures 1 to 3 show the results for NMHC, NOx, and CO emissions.   In general,
emissions when the propene content was 10 or 20 percent exceeded emissions when
propene was five percent, although this is not true for some combinations of pollutant,
vehicle, and LPG.  Comparing the LPG with 10% propene against the LPG with 5%
propene, the average emission increases were:

NMHC -- 7 percent  NOx -- 1 percent CO -- 34 percent.  

In addition, the specific reactivity of the NMHC emissions increased by about ten
percent; so that the NMHC emissions on a reactivity-adjusted basis increased by 19
percent between the LPGs with five and ten percent propene.

Despite the emission increases with increasing propene in the LPG, emissions of
NMHC were less when the vehicles were tested on the LPG with 10% propene than
when they were tested on the gasoline (Indolene).  The same is true of NOx from two of
the three vehicles.  In particular, the reactivity-adjusted NMHC (not shown in the
figures) from the 10% propene LPG, which averaged .32 gram/mile over three vehicles,
was only about one-third of the emissions from the gasoline, 0.92 gram/mile.
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The WPGA has estimated that there are at most 45,000 on-road LPG vehicles in
California, almost all conversions dedicated to LPG.  Most are light-duty trucks.  This is
consistent with published estimates of the number of LPG vehicles in the U.S.  Using
this value, the ARB’s vehicular emission inventory for California, and the mean percent
increases just cited, we estimate in Table 5 the emissions in the state from the LPG
vehicle population.  (The numbers are calculated as if all vehicular LPG were at either
five percent propene or ten percent propene.)

Table 5.   Estimated Emissions from 45,000 LPG Vehicles
         (and total on-road inventory in California)

(tons/day)

NMHC NOx CO

Gasoline* 1.4  1.9 19

LPG @10% propene    0.5** 2.4 20

LPG @ 5% propene   0.4** 2.4 15

(on-road inventory) (1,200) (1,500) (9,000)

                               * from annual-average planning inventory for 1995

                                ** reactivity-adjusted to gasoline basis

 If all LPG used in vehicles were at 10% propene, the increases in emissions over
the same LPG containing 5% propene would be:

NMHC (reactivity-adjusted) -- 0.07 tpd       NOx -- .03 tpd        CO -- 5 tpd

These values are very small compared to the emission inventory for the on-road vehicle
population.  Moreover, since about 70 percent of the LPG that is now usable in vehicles
already has less than five percent propene, the actual emission reductions that would be
delayed by the staff's proposal are only about:

NMHC (reactivity-adjusted) -- 0.02 tpd       NOx -- .01 tpd        CO -- 2 tpd

The value for the delayed decrease in NMHC is smaller than the emission increase that
the converted vehicles would produce if they ran on gasoline instead of LPG (about one
ton per day). 

In addition, a change in the propene content could affect emissions from non-road
vehicles that use vehicular LPG (e.g., forklifts).  However, there are no emission-rate
data or vehicle-population data by which to estimate such an effect.
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The rate of certifications of new LPG conversion kits has fallen to near zero.  Few
new conversions are being done.  Thus, we expect that the emission effect of  postponing
the five-percent propene limit will not exceed the above numbers.

E.    Other Effects of the Propene Content on Vehicles

Octane Number    Increasing the propene content of LPG from five to ten percent
would reduce slightly the fuel's octane number, because propene has a lesser octane
value than does propane.  Too low an octane value of a fuel leads to engine knock, which
is destructive.  

Since there have been no complaints by vehicle owners who use the current LPG,
the lower octane of the ten-percent fuel is apparently adequate for the existing vehicles. 
However, a potential problem for new vehicles was brought up at the workshop on
December 3.  One heavy-duty engine manufacturer has stated its intent to sell LPG-
fueled ULEV heavy-duty engines in California in the near future.  These engines will use
the “lean-burn” design, which (it is claimed) is sensitive to the octane of the fuel.  While
no data to determine the minimum required octane value have been offered, the
manufacturer has stated that it will require the use of HD-5 propane to maintain the
validity of the mechanical warranty on a heavy-duty LPG engine.  This requirement
would conflict with the ten-percent limit on propene if the proposed postponement of the
five-percent standard would extend past the date when the lean-burn engines would first
be in use.

It was also stated at the workshop that achieving ULEV emissions with LPG
engines requires a high degree of control of air:fuel ratio.  The propene content of LPG
affects the stoichiometric ratio of air to fuel.  It was suggested that too great an allowed
range of the propene content among commercial LPGs could overwhelm the air/fuel
control and cause in-use emissions to exceed certification emissions (which are
measured with a narrowly specified certification fuel).

These concerns about the potential effects of the propene content of LPG indicate
that a delay in implementing the five-percent limit should not extend much past the time
when engine manufacturers plan to first sell new LPG engines in California.  Also, the
concerns indicate a potential conflict between the perceived needs of engine manufactur-
ers and the properties of the fuels that refiners can economically produce. 

  
Reactivity of Emissions    Increasing the propene content of LPG increases the

reactivity of exhaust emissions.  Therefore, meeting LEV standards in new engines and
vehicles could become more difficult if the propene limit of commercial fuel were to
remain permanently at 10% and the specification for LPG certification fuel were
changed. 
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Fuel-Injector Gumming    The American Automobile Manufacturers Association
has indicated that propene at ten percent of LPG could accelerate the deposition of gums
in fuel injectors.  Since few current LPG vehicles (conversions) are fuel-injected, this
concern does not apply to a short delay in the five-percent propene limit.  However, it
raises another issue that needs consideration in evaluating the propene limit for the
future.

F.  Other Issues about the LPG Specifications 

One LPG producer has expressed interest in substantially raising the ARB limit on
the butane content of vehicular LPG, to as high as 50 percent.  This would allow the use
of butanes that are now in excess in the summer because of the limit on the volatility of
gasoline.  It is possible that such a change would have only a small effect on emissions
or on reactivity.  However, more emission data are needed to evaluate this concept. 
Also, the effect of a higher allowed butane content on engine manufacturers' designs for
future engines needs evaluation.
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 III.

PROPOSED REGULATORY AMENDMENT

A.   About This Chapter
 

  In this chapter, the staff describes the recommended amendment of section
2296.2 and the rationale for the amendment.  The chapter presents information on the
availability of complying LPG if the propene limit declines to five percent on January 1,
1997, including the results of the staff’s surveys on availability at production points and
from marketers.   This chapter presents the arguments for and against the delay, as
expressed in the workshop and other communications with concerned parties.

B.   Supply of Complying LPG 

Table 6 summarizes responses of a survey of the companies in California that
supply LPG at wholesale in California.  (Sources of imported LPG are not included in
the survey.  At the workshop on December 3, it was suggested that imports might
account for as much as 25 percent of the LPG supply.)  Among the 17 respondents to the
survey, eight are current suppliers of vehicular LPG (<10% propene), of which six sell
LPG that meets the five-percent propene limit (and will continue to offer it in 1997). 
The respondent in the north that sells LPG with propene between five and ten percent is
the largest producer and one of only two in northern California now providing LPG for
vehicles.  This respondent and one in the San Joaquin Valley will not produce complying
LPG if the propene limit declines to five percent. 
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Table 6.   Summary of Producers' Survey Responses

Production Region: Northern Southern San Joaquin State
Calif. Calif. Valley **

No. surveyed 5 10 9 20

No. responded 5 9 8 18

No. selling vehicular LPG in 1996 2 6 3 8

No. with LPG @ <5% propene in ‘97* 1 6 2 6

No. to guarantee consistent availabil- 0 0 0 0
ty of LPG with <5% propene

Supply of vehic. LPG, mill. gal/yr:
       --  current (<10 % propene) 90 115 40 245

       --   in 1997 (<5% propene) 40 115 15 170

   *  excluding B-P mixtures
 **  May not equal the sum over regions because some companies market in multiple regions.

None of the respondents who typically provide LPG with propene less than five
percent will guarantee constant availability of that product in 1997.  No refiner plans
capital improvements to augment its ability to supply vehicle-grade LPG.  However, two
suppliers indicated potentials to increase production by a total of 43 million gallons per
year.  One is in the north and one is in the south.

 The documented supply rate of vehicular LPG will fall from 245 to 170 million
gallons per year if the propene limit declines to five percent and if each supplier's
production rate remains at the 1996 value.  Both numbers exceed the estimated on-road
use rate for LPG.  However, since most marketers of vehicular-grade LPG sell it to all
their customers, the 170 million gallons of five-percent fuel may not suffice.  (This is
discussed more below.)  In particular, there could be a supply problem in northern
California.

In the survey responses, among the LPGs with propene contents less than 10
percent, the average propene content was 4.2 percent.  Two of the respondents offer LPG
with essentially zero propene from a total of four facilities.  
 

Table 7 summarizes the results of a survey of LPG marketers (retailers).  Among
the 28 respondents (of 100 surveyed), 22 companies now sell LPG to vehicular accounts
from a total of 104 sites.   Those sites now dispense an estimated 165 million gallons of
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LPG per year (presumably, vehicle-grade) for all uses, of which an estimated 21 percent
goes to on-road or off-road vehicles.  Only 13 of those sites have segregated storage to
allow the handling of more than one grade of LPG.  

Of the 22 marketers who currently sell LPG for vehicles, only 14 plan to sell it in
1997 if the propene limit declines to five percent; and of those, only three are certain of a
supply of the complying LPG.  Of the 104 sites (among the respondents) where LPG is
now sold to vehicles, only 73 are owned by marketers who expect to continue sales to
vehicles under the five-percent limit, and only 38 are expected to actually be vehicular
sales sites in 1997.  The estimated current sales of LPG from those 38 sites (for all uses)
are 69 million gallons per year.  That volume is only 42 percent of the LPG sales volume
of all the respondents who now sell to vehicular accounts.  Thus, the currently assured
availability of LPG to vehicles under the five-percent limit is poor.

Table7.   Summary of Marketers' Survey Responses

Distribution Region:  No. So. S. Joaquin State
 Calif. Calif. Valley *

Number of marketers surveyed 100          

No. of responses;  (no. of sites operated) 16 9 11  28 (123)

Respondents now selling to vehicles :

   -- no. of marketers;  (no. of sites) 12 8 10  22 (104)
   -- no. with segr'ted storage;  (no. sites) 3 3 4   6   (13)
   -- current sales of LPG (all uses**), 165        
          million gal/yr
   -- of sales, % that goes to vehicles** 21%      

Respondents who plan to sell to vehicles
in 1997 if the propene limit is 5% :

   -- no. of marketers;  (no. vehic. sites) (no regional data) 14  (38)

   -- no. with certain supply for 1997 3       
   -- estimated current total sales at the 38 69^       
      vehic. sites for 1997, million gal/yr 

   * Does not equal the sum over regions because some companies market in multiple regions.
**  Includes marketers' use in own LPG vehicles. 
  ^  132 mil. gal current sales by 14 respondents * 38 vehic. sites in '97 / 73 current vehic. sites

The decline in the expected number of sites for sales to vehicles and the low
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number of marketers who are confident of a supply in 1997 appear disproportionate to
the documention of only two producers who will no longer supply complying LPG.

Although the marketers' survey response rate was not high, the data from both
surveys tend to corroborate WPGA's concern that complying vehicular LPG will not be
universally available in 1997 if the propene limit declines to five percent.  Since most of
the existing LPG vehicles are conversions dedicated to LPG, some may be left without
practical access to fuel.  Also, poor availability of fuel could discourage vehicle and
engine manufacturers from designing and certifying new low-emission vehicles (LEVs)
for LPG.

The potential problem in availability may not be one of inadequate statewide
production of complying LPG.  Rather, the problem may be inadequate regional
production or inadequate facilities at refineries or marketing sites for handling vehicular
LPG as a separate product.  A refiner or marketer could have adequate volumes of LPG
meeting the five-percent limit to satisfy vehicular demand but not enough to satisfy all
LPG demand.  If a refiner or marketer in that situation lacks segregated storage, it  would
usually choose to carry only the grade that will satisfy most of its customers: commercial
propane. 

The sales to vehicles comprise only about 20 percent of the total LPG sales at sites
that now sell to vehicles.  Therefore, the estimated 28+ million gallons per year demand
by vehicles translates to about 140+ million gallons total demand for vehicular-grade
LPG, as long as marketers do not have segregated storage.  While that potential total
demand may be less than the historical supply documented by the survey responses (165
million gallons), it is substantially greater than the estimated sales volume of the
marketers and sites that expect to sell LPG to vehicles under the five-percent limit (69
million gallons).   

Although segregated storage could always be added at a refinery or a marketing
site, the current demand for vehicular LPG appears insufficient to support the expense of
such additions.  A refiner who has propene in its LPG could extract it for some use or 
convert it to propane, but the small market for low-propene LPG now provides no
economic incentive to do so.

C.   Action Proposed by WPGA

In its petition, the Western Propane Gas Association requests that the term of the
ten-percent propene limit be extended past January 1, 1997.  The petition does not
recommend a new date of effect for the five-percent limit nor any action to alleviate the
forecast inadequacy in LPG supply.

D.    Arguments Against a Delay
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Engine and vehicle manufacturers have expressed opposition to delaying the five-
percent propene limit  because of a perceived potential for performance problems in
future engines and vehicles.  Since the staff proposal is for only a two-year delay and
because no engines or vehicles have been certified for LPG for 1997 or later years, the
staff  believes that any problems in this regard will be minimal.  Ascertaining the true
sensitivity of future LPG engines to the propene content will be a subject for the working
group described in the next section.

E.   Staff’s Recommendation

The staff recommends that the five-percent propene limit be postponed for another
two years, until January 1, 1999.  This will enable the existing population of LPG
vehicles to maintain the current supply of fuel.  

The staff  believes that the technical issues of emissions, fuel requirements of
future LPG vehicles and engines, and the economics of production and marketing need
to be addressed in a multi-industry dialogue.  Accordingly, the staff will convene a
working group of interested parties to discuss these issues and to develop a consensus
standard for the propene content of vehicular LPG.  Since the utility of such a standard
would be enhanced if it were a national standard, the staff will invite the US EPA to
participate in the working group.

If a propene limit less than ten percent is finally set, high-propene LPG could be
diverted from vehicular use to stationary source use.  Therefore, it would be logical to
investigate the potential for air pollution control districts to control the propene content
of stationary source LPG.  The staff will raise this matter with the district staffs.
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IV.

ECONOMIC AND ENVIRONMENTAL EFFECTS

A.    Economic Effects

The proposed amendment would not create a new regulation; nor would it impose
a new cost on any party.  

The staff has identified the following economic effects that could result from the
proposed amendment.

Consumers of Vehicular LPG   The proposed amendment would enable consumers
of vehicular LPG avoid the adverse consequences of a potential supply shortage of
vehicular LPG in northern California and the San Joaquin Valley.  These avoided (or
delayed) adverse economic impacts could include price increases for vehicular LPG
meeting the 5 percent propene standards and a need to reduce the use of LPG vehicles.  

                            

*  California Government Code section 11346.3(a) requires that in proposing to adopt or amend
     administrative regulations, state agencies shall assess the potential for adverse economic
     impacts on California business enterprises and individuals.  The assessment shall include the
     impact of the proposed or amended regulation on the ability of California businesses to
     compete with businesses in other states.  In addition, section 11346.3(b) requires state
     agencies to assess the potential impact of their regulations on the creation or elimination of 
     jobs in Califonia, the creation of new businesses or their elimination, and the expansion of 
     businesses in California.

Most of the up to 45,000 LPG-fueled on-road motor vehicles in the state are in
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commercial fleets.  In the event of a price increase (if the proposed amendment is not
adopted), the vehicle owners could reduce their use of LPG by converting LPG vehicles
to run on gasoline again, by replacing them with new gasoline or diesel vehicles, or by
increasing the use of non-LPG vehicles already owned.

The staff has not identified any adverse economic impacts on consumers of
vehicular LPG that would result from adopting the proposed amendment.

Producers and Marketers of Vehicular LPG   For producers and marketers of
vehicular LPG that currently has a propene content between five and ten percent, the
proposed amendment would prevent (or delay) the costs associated with the immediate
need to find other markets for this product, install segregated distribution facilities, or
reduce the propene content of the LPG.  

Since the supply of complying LPG would at least initially be less if the propene
limit were to decline to 5 percent, the price of complying LPG might rise.  Producers of
LPG having a propene content of five percent or less would have to forego the revenue
increase associated with higher prices for vehicular LPG.  Thus the proposal could delay
an increase in revenues that producers of complying LPG could experience in connection
with a price increase.  

The impact of suppliers’ price increases on marketers of complying LPG (if he
proposal is not adopted) would depend on the marketers’ ability to pass the increases on
to consumers.  Such an ability could depend on the ability to segregate vehicular LPG as
a separate product.  However, the staff is not aware of any LPG producers or marketers
who have altered their facilities or operations to reduce the propene content of their LPG,
or to allow segregation of vehicular LPG, in reliance on the implementation of the five-
percent propene content standard on January 1, 1997.

The proposed amendment would not affect employment or the number or
competitiveness of businesses in California.

B.    Environmental Effects

The staff has analyzed the potential environmental effects of the proposed
amendment.  The amendment would merely postpone emissions benefits from the
decline of the propene limit to 5 percent for two years, until 1999, rather than relax a
standard that has already been in effect for a significant period.  

As noted above, the only available data on the emission effect of changing the
propene content of vehicular LPG comes from the WPGA-sponsored three-car study
conducted in 1996.  The numbers below are based on those data.  However, in addition
to the propene content,  a number of other fuel-to-fuel and vehicle-to-vehicle variables
affect emissions but were not examined in the WPGA study.  A more robust data set



22

would provide more reliable data.

If  the three-car test results are extrapolated to the (at most) 45,000-vehicle LPG
fleet with worst-case assumptions,  the proposed amendment would delay for two years
the following reductions in emissions from on-road vehicles that use LPG in California:

NMHC (reactivity-adjusted) -- 0.07 tpd NOx -- 0.03 tpd CO -- 5 tpd

However, about 70 percent of the LPG available for vehicular use already has a propene
content less than five percent, and there is no reason to expect that such LPG would
change if the propane limit would decline to five percent.  Therefore, we would expect
the propene content of fuel for 70 percent of all LPG vehicles to not decline.  When this
factor is accounted for, the emissions reductions that would be delayed by the staff
proposal are projected at about:

NMHC (reactivity-adjusted) -- 0.02 tpd NOx -- 0.01 tpd CO -- 2 tpd

There could be like emissions effects up to about the same magnitude from non-
road vehicles that use LPG, although there are no emission-rate or vehicle-population
data by which to reliably estimate such effects.

If the proposed amendment is not adopted, some LPG vehicles could have to be
converted to operate on gasoline or diesel fuel.  In the three-car study sponsored by
WPGA, the per-vehicle increase in reactivity-adjusted NMHC emissions associated with
a switch from LPG to gasoline was almost 10 times as great as the per-vehicle increase
in reactivity-adjusted NMHC emissions associated with an increase in propene content
from 5 percent to 10 percent.  This indicates that a modest number of conversions to
gasoline could fully offset the NMHC emission decline from the change in propene
content.  Instead of converting LPG vehicles that no longer have fuel, the owners could
substitute other vehicles.  New gasoline vehicles would likely have lower emissions of
all pollutants than would the abondonned LPG vehicles, older gasoline vehicles might
have equivalent or greater emissions, and diesel vehicles would emit more particulate
matter.

If LPG is displaced by gasoline, there could be a difference in reactivity-adjusted
marketing emissions of NMOG when the subject vehicles are fueled.  This potential
difference has not been evaluated, but it would be a very minor change to the marketing
emission inventory.

If the proposed amendment is not adopted, LPG with a propene content between
five and ten percent, which is now burned in vehicles, may be used in other combustion
devices.  If such fuel displaces LPG with a lower propene content, the reactivity of
emissions from those devices would probably increase.
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The staff has considered alternatives to the proposal to lessen the small delay in
emission reductions that would result from the amendment.  One alternative would be to
delay implementing the five-percent propene limit only in northern California (north of
the Tehachapis), which is the area where supply shortages of LPG meeting that limit are
expected on the basis of production data.  However, we believe that such a
geographically limited approach would not have emission effects significantly different
from the proposal, because LPG in southern California already meets the five-percent
propene limit.  Furthermore, while production of vehicular LPG with more than five
percent propene apparently does not occur in the southern part of the state, some such
LPG may be marketed there.  The potential for this circumstance to disrupt supply, if the
five-percent limit were enforced in the south, should not be dismissed.

None of the above emission effects would affect the State Implementation Plan. 
No other significant environmental impacts have been identified.
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Current Regulations



Title 13, California Code of Regulations

Section 2292.6   Specifications for Liquefied Petroleum Gas
 The following standards apply to liquefied petroleum gas  (the identified methods are
incorporated herein by reference):

Specifications for Liquefied Petroleum Gas

Specification Value Test Method

Propane 85.0 vol. % (min.) a/ ASTM D 2163-87

Vapor Press. at 100  F 208 psig (max.) ASTM D 1267-89o

ASTM D 2598-88  b/

Volatility residue: 
   evaporated temp.,   95% -37  F (max.) ASTM D 1837-86
or 
   butane and heavier 2.5 vol. % (max.) ASTM D 2163-87

o

Propene 5.0 vol. % (max.) c/ ASTM D 2163-87

Residual matter:  
  residue on evap. of 100 ml 0.05 ml (max.) ASTM D 2158-89

  oil stain observed. pass d/ ASTM D 2158-89

Corrosion, copper strip  No. 1 (max.) ASTM D 1838-89

Sulfur 120 ppmw (max.) ASTM D 2784-89

Moisture content pass ASTM D 2713-86

Odorant  e/  

a/ Propane shall be required to be a minimum of 80.0 volume percent starting on
January 1, 1993.  Starting on January 1, 1997, the minimum propane content shall
be 85.0 volume percent.

b/ In case of dispute about the vapor pressure of a product, the value actually
determined by Test Method ASTM D 1267-89 shall prevail over the value
calculated by Practice ASTM D 2598-88.

c/ The propene shall be limited to 10.0 volume percent starting January 1, 1993. 
Starting January 1, 1997, the propene limit shall be 5.0 volume percent.



d/ An acceptable product shall not yield a persistent oil ring when 0.3 ml of solvent
residue mixture is added to a filter paper, in 0.1 ml increments and examined in
daylight after 2 min. as described in Test Method ASTM 2158-89.

e/ The liquefied petroleum gas upon vaporization at ambient conditions must have a
distinctive odor potent enough for its presence to be detected down to a
concentration in air of not over 1/5 (one-fifth) of the lower limit of flammability.

NOTE:  Authority cited:  Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety
Code; and Western Oil and Gas Assn. v. Orange County Air Pollution Control District, 14 Cal.
3d 411, 121 Cal. Rptr. 249 (1975).  Reference: Sections 39000, 39001, 39002, 39003, 39010,
39500, 40000, 43000, 43016, 43018, and 43101, Health and Safety Code; and Western Oil and
Gas Assn. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal. Rptr. 249
(1975).



Title 13, California Code of Regulations

§ 2291.  Basic Prohibitions.

(a)  Starting January 1, 1993, no person shall sell, offer for sale or supply an
alternative fuel intended for use in motor vehicles in California unless it conforms with
the applicable specifications set forth in this article 3.

(b)  An alternative fuel shall be deemed to be intended for use in motor vehicles in
California if it is:

(1)  stored at a facility which is equipped and used to dispense that type of alternative
fuel to motor vehicles, or

(2)  delivered or intended for delivery to a facility which is equipped and used to
dispense that type of alternative fuel to motor vehicles, or

(3)  sold, offered for sale or supplied to a person engaged in the distribution of motor
vehicle fuels to motor vehicle fueling facilities, unless the person selling, offering or
supplying the fuel demonstrates that he or she has taken reasonably prudent precautions
to assure that the fuel will not be used as a motor vehicle fuel in California.

(c)  For the purposes of this section, each retail sale of alternative fuel for use in a
motor vehicle, and each supply of alternative fuel into a motor vehicle fuel tank, shall
also be deemed a sale or supply by any person who previously sold or supplied such
alternative fuel in violation of this section.

NOTE:  Authority cited:  Sections 39600, 39601, 43013, 43018, and 43101, Health and Safety
Code; and Western Oil and Gas Assn. v. Orange County Air Pollution Control District, 14 Cal.
3d 411, 121 Cal. Rptr. 249 (1975).  Reference: Sections 39000, 39001, 39002, 39003, 39010,
39500, 40000, 43000, 43016, 43018, and 43101, Health and Safety Code; and Western Oil and
Gas Assn. v. Orange County Air Pollution Control District, 14 Cal. 3d 411, 121 Cal. Rptr. 249
(1975).
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Petition from Western Propane Gas Association



Appendix 3

Proposed Revision of Section 2296.2



(Proposed deletions are shown in strike-out type.  Proposed additions are underlined.)

Amend section 2292.6, Title 13, California code of Regulations, to read as follows:

Section 2292.6   Specifications for Liquefied Petroleum Gas

 The following standards apply to liquefied petroleum gas  (the identified methods are
incorporated herein by reference):

Specifications for Liquefied Petroleum Gas

Specification Value Test Method

Propane 85.0 vol. % (min.) a/ ASTM D 2163-87

Vapor Press. at 100  F 208 psig (max.) ASTM D 1267-89o

ASTM D 2598-88  b/

Volatility residue: 
   evaporated temp.,   95% -37  F (max.) ASTM D 1837-86
or 
   butane and heavier 2.5 vol. % (max.) ASTM D 2163-87

o

Propene 5.0 vol. % (max.) c/ ASTM D 2163-87

Residual matter:  
  residue on evap. of 100 ml 0.05 ml (max.) ASTM D 2158-89

  oil stain observed. pass d/ ASTM D 2158-89

Corrosion, copper strip  No. 1 (max.) ASTM D 1838-89

Sulfur 120 ppmw (max.) ASTM D 2784-89

Moisture content pass ASTM D 2713-86

Odorant  e/  

a/ Propane shall be required to be a minimum of 80.0 volume percent starting on
January 1, 1993.  Starting on January 1, 1997, the minimum propane content shall
be 85.0 volume percent.

b/ In case of dispute about the vapor pressure of a product, the value actually
determined by Test Method ASTM D 1267-89 shall prevail over the value
calculated by Practice ASTM D 2598-88.



c/ The propene shall be limited to 10.0 volume percent starting January 1, 1993.  
Starting January 1, 1997 1999 , the propene limit shall be 5.0 volume percent.

d/ An acceptable product shall not yield a persistent oil ring when 0.3 ml of solvent
residue mixture is added to a filter paper, in 0.1 ml increments and examined in
daylight after 2 min. as described in Test Method ASTM 2158-89.

e/ The liquefied petroleum gas upon vaporization at ambient conditions must have a
distinctive odor potent enough for its presence to be detected down to a
concentration in air of not over 1/5 (one-fifth) of the lower limit of flammability.
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Use and Production Data



Appendix 5

Results of Surveys of Producers and Marketers



Appendix 6

Summary of Emission Data



ARB Staff’s Summary of Data in 
“Effect of Selected LPG Fuel Components on Speciated Exhaust Emissions”

Sponsored by:  Western Propane Gas Association, Project 304
Conducted by: Automotive Testing Laboratories

Chief investigator: Wendy Clark

The investigators tested each of the LPGs listed in the following table in each of the
listed vehicles.  For each vehicle, one of the LPGs was tested in triplicate runs.  No other
replicates were run on LPG.  Each vehicle was also tested at the beginning of the project
and at the end on Indolene (federal certification fuel). 

 The vehicles were converted from gasoline for the purpose of the project, using
conversion hardware from IMPCO Technologies.   

Fuels and Vehicles Tested

Vehicles
LPGs

% Propane % Propene % Butanes

1.  ‘95 Dodge Caravan 1. 92.5 5 2.5
2.  ‘95 Chev. C1500 2. 87.5 10 2.5
3.  ‘95 Chev. K2500 3. 77.5 20 2.5

4. 67.5 30 2.5
5. 75 5 20
6. 55 5 40
7. 50 10 40

All tests were done with the Federal Test Procedure (FTP), without evaporative
measurements.  The organic gas emissions were speciated by GC/MS.  Aldehydes and
ketones were collected in impingers containing acidified DNPH and analyzed with high-
performance liquid chromatography.  Reactivities of the organic gas emissions were
calculated according to the “Carter MIR” procedure.

The FTP-composite results for the Indolene tests are:



FTP-Composite Results on Indolene

NMHC, g/mi g Ozone/mi NOx, g/mi CO, g/mi

Veh 1, start .146 .500 .238 1.41

Veh 1, end .161 .265 2.37

Veh 2, start .238 .737 .547 1.90

Veh 2, end .222 .576 16.43

Veh 3, start .456 1.505 2.72 11.13
Veh 3, end .356 2.98 11.67

The FTP-composite results for all LPG tests, including means of triplicates, are:

FTP-Composite Results for LPGs

LPG Vehicle NMHC gO/mi NOx CO

1 1 0.101 0.115 0.144 1.959
1 2 0.129 0.201 1.344 0.671
1 3 0.333 0.525 1.88 9.41

2 1 0.111 0.148 0.154 2.971
2 2 0.135 0.232 1.491 0.921
2 3 0.352 0.589 1.578 10.568

3 1 0.081 0.132 0.155 2.13
3 2 0.135 0.27 1.772 0.591
3 3 0.273 0.601 2.521 7.011

4 1 0.091 0.188 0.201 2.901
4 2 0.15 0.344 2.39 0.518
4 3 0.310 0.861 2.790 8.320

5 1 0.1 0.125 0.109 2.78
5 2 0.119 0.193 1.005 0.964
5 3 0.409 0.666 1.045 14.849

6 1 0.109 0.153 0.109 3.107
6 2 0.138 0.251 0.796 1.395
6 3 0.655 1.177 0.781 30.38

7 1 1.046 1.279 0.087 14.66
7 2 0.135 0.263 0.847 1.469
7 3 0.47 0.946 0.814 20.639



The following graphs compare emissions on Indolene and LPGs 1 to 4.


